Marine organisms are being considered increasingly as sources of anti-tumour agents. The extract from Arca granosa L. has been shown to decrease the growth of tumours and this study was undertaken to determine its ability and mechanism of inhibition. The extract inhibited the proliferation of six human tumour cell lines from different origins with varying sensitivity. The cell lines Ketr-3, A549 and NCI-H460 with kidney or lung origins were more sensitive to the extract than those of the HepG-2, MCF-7 and MGC-803 cells from other origins. In the three sensitive cell lines (Ketr-3, A549 and NCI-H460) the extract was shown to block different phases of the cell cycle progression and inhibit DNA synthesis in a concentrationdependent manner. It was concluded that the extract from A. granosa is potentially a novel anti-tumour agent, especially on kidney and lung tumour cell lines. R Yao, Z Han, M Wang et al. Arca granosa L. inhibits proliferation of human tumour cell lines R Yao, Z Han, M Wang et al. Arca granosa L. inhibits proliferation of human tumour cell lines
Introduction
The use of marine agents for medicinal benefits has played an important role in nearly every country, 1, 2 and during the past century more attention has been focused on discovering anti-tumour agents derived from marine organisms. 3 -7 A number of agents with marine origin have been identified that inhibit the initiation and progression of tumours, for example, bryostatin 1, didemnin B, aplidine and ecteinascidin-743 (ET-743). 8 -11 However, it is believed that there have been no experiments concerning the anti-tumour activity of the extract from Arca granosa L. besides our experiments.
A. granosa, with the Chinese name 'ni han', is a type of edible shellfish, which is widely distributed in the inshore provinces of China. It is quoted in the Medical Compendium (Yi Lin Zuan Yao) that A. granosa 'helps to repair heart function, dispel gore, eliminate haematomas and reduce restlessness'. The flesh of A. granosa has a health-care function, whose active components, along with its physiological function, have aroused popular attention. An in vivo experiment has shown that the extract from A. granosa (molecular weight mainly 15 000 -23 000 daltons, as determined by high pressure liquid chromatography) exhibited inhibition of KEY WORDS: ARCA GRANOSA L.; ANTI-TUMOUR; PROLIFERATION; TUMOUR CELL LINES growth of tumour cells. 12 This extract is mainly composed of proteins with a protein content of 67.3%. However, it has not been well characterized with respect to the mechanism by which it inhibits tumour cell proliferation, and the present study, using six human tumour cell lines, was designed to determine its ability and the mechanisms by which it inhibits proliferation of the tumour cells.
Materials and methods

PREPARATION OF THE EXTRACT
The extract was obtained from A. granosa originating from the coast of Qingdao, China. Briefly, 1000 g of the fresh flesh of A. granosa was cleaned with distilled water and homogenized. The homogenate was sieved through 100 × screen mesh, diluted with 1000 ml of distilled water and centrifuged (5000 g) at 4°C. The supernatant was filtered through a 0.45 µm membrane, sterilized by filtration using a 0.22 µm membrane and diluted to give a final concentration of 50 mg/ml in 0.9% saline solution. The extract was stored at 2 -8°C before use. In the experiment, the extract was diluted to final concentrations of 0.125, 0.25, 0.5 and 1 mg/ml. Saline solution (0.9%) was used as 0 mg/ml.
AGENTS AND CELL LINES
Cell culture medium, cell culture plastic dishes and fetal bovine serum were purchased from Gibco (Gaithersburg, USA). The chemicals, 
CLONAL GROWTH ASSAY
The effect of the extract on the proliferation of the six human cell lines was measured in a clonogenic assay. For clonal expansion, 5 × 10 2 cells were suspended in 1 ml of complete RPMI 1640 culture medium containing 0.3% agar. Cell suspensions with the known concentrations of the extract as prepared, were plated (1 ml each) in 35 mm plastic petri dishes in duplicate. The Petri dishes were incubated at 37°C in a humidified and 5% CO 2 atmosphere for 7 days. The dishes were scored for colonies under an inverted microscope.
ANALYSIS OF CELL PROLIFERATION
The six cultured human cell lines were maintained in complete RPMI 1640 culture medium plus 10% fetal bovine serum and 1% penicillin/streptomycin. The cultures were incubated in a humidified atmosphere of 5% CO 2 at 37°C and were used for experiments when they reached approximately 70% confluence. The percentage of growth inhibition was assayed in triplicate using an XTT assay. A total of 3 × 10 3 cells/well was seeded in 100 µl of media in each well of 96well flat-bottomed microplates for 24 h. Each concentration of the extract was added to four wells and these were incubated for an additional 24 h. At 48 h, XTT labelling mixture was added, and the cells were further incubated for 4 h. The absorbance was then measured at a wavelength of 490 nm using a microplate reader. To avoid any potential interference of the extract with the assay, wells containing the extract but no cells were included, and the values obtained were subtracted from those of the cells exposed to the same conditions.
MEASUREMENT OF CELL CYCLE PHASE DISTRIBUTION
The three sensitive cell lines, Ketr-3, A549 and NCI-H460, were cultured in medium for 24 h. Cell cycle analysis by DNA staining with PI using flow cytometry was performed. The extracts were added to the wells at known concentration and incubated for an additional 24 h. Cells were then washed, pelleted, fixed with cold 70% ethanol for at least 30 min, and incubated with 100 µg/ml RNase A and 50 µg/ml PI in phosphatebuffered saline (PBS) (Sigma Chemical Co.) at room temperature for 30 min. The samples were immediately analysed by flow cytometry (FACS Vantage SE, Becton Dickinson, CA, USA). Cell cycle phase distribution was determined using Modfit software (Maine, USA).
DNA SYNTHESIS ASSAY
DNA synthesis was determined by [ 3 H] thymidine incorporation assays. For DNA synthesis determination, Ketr-3, A549 and NCI-H460 cells were grown to about 70% confluence in medium supplemented with serum and 1% penicillin/streptomycin. The cells were serum starved overnight for synchronization. Fresh serum-free medium was provided and then the cells were treated with the known concentration of the extract for 24 h before 1 µCi/ml [ 3 H] thymidine was added to each 35 mm diameter dish for an additional 6-h period. All incubations were terminated by aspirating the culture medium and carrying out sequential washes three times with cold PBS, followed by the addition of 2 ml ice-cold 10% trichloroacetic acid (TCA) per 35 mm dish for 20 min at 4°C. After washing the cells three times with ice-cold water, the cells were dissolved with 1 ml of 0.5 M sodium hydroxide per 35 mm diameter dish at 37°C for 30 min. Then the contents were transferred to scintillation vials, 5 ml of scintillation cocktail (MicroScint TM -PS, Beckman Coulter Inc., CA, USA) was added to each vial and radioactivity was determined by a scintillation counter (Model LS6500, Packard BioScience, MA, USA).
STATISTICAL ANALYSIS
The results are expressed as the mean ± SD of the values obtained from at least three different experiments. The differences among the groups were compared using one-way ANOVA followed by the Student-Newman-Keuls multiple comparisons test. P-values < 0.05 were considered statistically significant.
Results
EFFECT ON CLONAL EXPANSION OF TUMOUR CELLS
The desired concentration of the extract was incorporated in culture medium containing 0.3% agar and was constantly present during the entire period of incubation of the cultures. Table 1 shows the effect of the extract on the clonogenic growth of six human tumour cells. The extract significantly inhibited the proliferation of Ketr-3, A549 and NCI-H460 cells in a dosedependent manner and the maximum suppression of clonal expansion occurred at 1 mg/ml. At higher concentrations (0.500 and 1.000 mg/ml), the number of colonies was significantly reduced, and the few colonies that developed at these concentrations were smaller in size compared with the colonies formed by untreated cells. However, the extract had less effect on the other three cell lines (HepG-2, MCF7 and MCG-803), even at the highest concentration of the extract.
GROWTH INHIBITION ON TUMOUR CELL LINES
The extract significantly suppressed cell proliferation in cell lines of Ketr-3, A549 and NCI-H460 after 24 h of exposure and showed a dose-dependent inhibition of R Yao, Z Han, M Wang et al. Arca granosa L. inhibits proliferation of human tumour cell lines proliferation on these three tumour cell lines. The semi-effect inhibition (the optical density decreased by 50% from that of 0 mg/ml group) was observed at 0.125 mg/ml for Ketr-3, and 0.25 mg/ml for A549 and NCI-H460. In contrast, the extract had less inhibitory effect on the growth of HepG-2, MCF-7 and MGC-803, even up to the maximum concentration of 1 mg/ml, indicating that the extract selectively inhibited the growth of different tumour cells (Table 2) .
EFFECT ON CELL CYCLE PHASE DISTRIBUTION
The effect of the extract on the cell cycles of the three sensitive tumour cell lines was analysed. The results show that the extract caused a significant G 0 -G 1 -phase arrest with concurrent decrease of S phase in the Ketr-3 cell line (P < 0.01), and a significant G 2 -M-phase arrest with concurrent decrease of G 0 -G 1 phase in the A549 and NCI-H460 cell lines (P < 0.01) ( Table 3 ). Values are mean ± SD. a P < 0.01 versus 0.000 mg/ml group; b P < 0.05 versus 0.000 mg/ml group. Values are mean ± SD. a P < 0.01 versus 0.000 mg/ml group; b P < 0.05 versus 0.000 mg/ml group.
TABLE 1: Effect of different concentrations of the extract from Arca granosa on clonal expansion of tumour cells (clonal counts) after an incubation period of 7 days for three independent experiments
TABLE 2: Effect of different concentrations of the extract from Arca granosa on proliferation of tumour cells (optical density) after an exposure period of 24 h for four independent experiments
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INHIBITION OF DNA SYNTHESIS
In the absence of serum intended for synchronization of cells, the extract inhibited DNA synthesis by the three sensitive tumour cell lines in a concentration-dependent manner (0.125 -1 mg/ml). The 1 mg/ml concentration of the extract almost completely inhibited DNA synthesis (P < 0.01, Fig. 1 ).
FIGURE 1:
Inhibition of DNA synthesis by the extract from Arca granosa. Subconfluent cells were serum starved overnight then treated with various concentrations of the extract (0.000, 0.125, 0.250, 0.500, 1.000 mg/ml). Each column represents the mean ± SD of three independent experiments (bars indicate the SD). * P-value < 0.01 versus 0.000 mg/ml group; cpm, counts per min 
Discussion
Extracts from marine sources have been shown to provide protection against many diseases including tumours. 13 The present in vitro studies demonstrate the anti-tumour activities of extracts from A. granosa, a watersoluble protein extract. These results showed that the extract suppressed clonal expansion 359 R Yao, Z Han, M Wang et al. Arca granosa L. inhibits proliferation of human tumour cell lines and proliferation of Ketr-3, A549 and NCI-H460 cells more than those of HepG-2, MCF-7 and MGC-803. This result indicated that the extract had selective inhibition on different cell lines. The six human tumour cell lines tested in this study were selected to represent a spectrum of tumour types in which differences in sensitivity could suggest possible information on the mechanisms of action.
A better understanding of how the extract inhibits tumour cell proliferation will enable it to be used more efficiently and perhaps synergistically with other anti-tumour agents. The findings from the study suggest that the extract exerts different effects at different stages of the cell cycle depending on the cell line. Cell cycle arrest would cause the proliferation of the tumour to be inhibited. The extract was tested against three kinds of sensitive cell lines representative of tumours from a variety of tissue types. The tumour lines with kidney and lung origins (Ketr-3, A549 and NCI-H460) were more sensitive to the extract than the other tumour lines tested. This finding is consistent with previous reports that some extracts of natural origin selectively inhibit human tumour cell growth. 14, 15 DNA synthesis is also required for cancer cell growth; hence, DNA synthesis inhibition may be considered an anti-cancer activity. 16 In the absence of serum intended for synchronization of cells, the extract inhibited DNA synthesis by three sensitive tumour cells in a dose-dependent manner.
Other than the cell line, it is unclear what may contribute to the differences in the relative sensitivities of the six cell lines tested. However, there are a number of potential biochemical targets through which cell cycle arrest may be induced. If the extract contains multiple constituents with more than one cellular target, it would be expected to exert multiple biological effects. Those effects could differ among tumour cell lines of different origins, depending on variation in the dependence of the cells on the affected pathways for growth and survival.
In conclusion, the results of this study indicate that the extract inhibits the proliferation of human tumour cell lines of Ketr-3, A549 and NCI-H460 by blocking cell cycle progression and inhibition of DNA synthesis. It is considered that the extract is a potential source of a novel anti-tumour agent on kidney and lung tumour cell lines. The reason for this selective inhibition effect of the extract on different tumour cell lines needs further investigation.
